Although nitride-based heterojunction field-effect transistors (HFETs) have demonstrated great success in power amplifier (PA) applications. However, several problems related with GaN-based materials result in difficulties to fabricate GaN-based HBTs with good device characteristics. The major problems are the low p-GaN concentration and the roughness/contamination on the p-GaN surface after dry etching, which result in the bad Ohmic contact. Therefore, to avoid the dry etching damage on p-GaN and obtain a good Ohmic contact, several methods have been reported by using base-or emitter-regrowth. The advantages of Al-doped Zinc oxide (AZO) and Zinc oxide (ZnO) thin film that has the same lattice constant with GaN and simple to utilize sputter to obtain. Recently, we fabricated the AZO/GaN and AZO/ZnO/GaN HBTs and its cross-section are shown in Figure 1 . The Fig. 2 shows the common-emitter I-V of the AZO/GaN HBTs. In literatures, many researchers reported sulfur treatment with the solutions of (NH 4 ) 2 S and P 2 S 5 /(NH 4 ) 2 S is well known to form thin sulfide layers on GaAs-or InP-related semiconductors [1], [2] . Additionally, Chang et al. reported that treating Schottky contacts formed on AlGaN/GaN heterostructures with P 2 S 5 /(NH 4 ) 2 S solution could maximize the Schottky barrier height (SBH) and have the lowest reverse-leakage current [3] . This proves that P 2 S 5 /(NH 4 ) 2 S treatment is an effective method in the passivation of GaN surface. This paper presents the Gummel plot and junction characteristics of AZO/GaN and AZO/ZnO/GaN heterojunction bipolar transistors (HBTs) with sulfur pre-treatment before SiO 2 passivation. The AZO/GaN and AZO/ZnO/GaN HBTs were pretreated with P 2 S 5 /(NH 4 ) 2 S solutions to reduce the GaN native oxide-related surface states. The measured dc characteristics of AZO/GaN and AZO/ZnO/GaN HBTs show the higher current gains by P 2 S 5 /(NH 4 ) 2 S treatments. Figure 1 shows the schematic crosssection of both AZO/GaN and AZO/ZnO/GaN HBTs. The GaN materials used in this study were grown by MOCVD on c-face sapphire substrates, a 1200nm thick buffer layer were deposited onto the sapphire substrate first, and the top 1800nm is n-type GaN subcollector layer. A 400nm undoped collector layer and a 100nm p-type GaN base layer were grown. The 2.5nm p-type In 0.2 Ga 0.8 N layer was then grown on top of the p-GaN base layer. The p-In 0.2 Ga 0.8 N thin layer is intended to reduce the contact resistance by increasing the hole concentration in the base due to the lower activation energy and the polarization electric field near the surface. The emitter region was defined by lithography and AZO/ZnO layer was deposited by sputtering with lift-off technique. And then, a Ni/Au metal was deposited for the p-GaN electrode. A 50/150 nm Cr/Au was deposited for n-GaN. One sulfur treatment was prepared as follows: for P 2 S 5 /(NH 4 ) 2 S treatment, the samples were immersed in (NH 4 ) 2 S solution with a mixing concentration of 0.05 g/mL P 2 S 5 at room temperature for 15 min. Figure 3 and 4 show the Gummel plot and current gain of the AZO/GaN and AZO/ZnO/GaN HBTs which were prepared by sulfur surface treatments described previously. These results indicate higher I c current that induced higher current gain of two samples after sulfur treatment, which possibly phosphorus-related composition was formed. Figure 5 and 6 show the base-emitter and base-collector junction forward and reverse I-V curves of the devices. Both devices show the obvious variation that higher current at reverse bias, but BC junction of AZO/ZnO/GaN HBT only have slightly different. In addition, BE and BC forward junction of AZO/GaN and AZO/ZnO/GaN HBTs almost have the same current value, except the BE forward junction of AZO/ZnO/GaN HBTs.
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In conclusion, the sulfur surface treatment using the P 2 S 5 /(NH 4 ) 2 S has shown great impact on the current gain and the reverse-leakage-current. The P 2 S 5 /(NH 4 ) 2 S treatment can effectively remove the native oxide Ga-O-related composition as well as form the thin sulfide and phosphide layers. The phosphorus-oxygen or phosphorus-sulfur bonding layer in the P 2 S 5 /(NH 4 ) 2 S treatment samples may be a major contribution to the enhancement of current gain and the reverse-leakage current. 
